Abstract-In this paper, a calibration of six-port reflectometer using a new technique program is presented. It has been shown that a calibration procedure is based on explicit method, the method that capturing the output wave forms of sixport junction and determines the complex relationship between the two waves present at the input from the value of four outputs. The number of calibrating standards and the computation effort required are the most important parameters in selecting a calibration technique. Comparison between the results obtained from the new calibration method program with measurement results show the validity of the method proposed. This calibration technique can be used in general six-port direct digital receiver.
I. INTRODUCTION
Recently, six-port concept has been successfully applied in modern communication receivers. For this reason, calibration procedure is very important for the measurement accuracy. Many microwave applications require the determination of the reflection and or the transmission properties of a device undertest (DUT) over a specified frequency band. Various calibration procedures for six-port junction have been suggested along the years [1] [2] . Among the many programs which have been proposed for the calibration of six-port reflectometer, Hassan [3] , introduced, the accuracy calibration of a six-port reflectometer as an alternative to the conventional ANA.
On the other hand, Yanyang and Frigon presented a new type of six-port radio for ultra wideband containing one power detector and one variable reference load [4] . Yanyang pointed out that there exist exact relations between some system parameters and integral quantities of the detected values for a number of reference plane positions [5] . This technique is advantageous for permitting automatic procedures; nevertheless it requires a great amount of time to be accomplished and demands a large number of known standards necessary to the network training. Another technique requires Schottky diodes with homodyne detection, but this procedure would be entirely impractical to analyze a calibration procedure [6] .
Eventually, in this paper, a novel calibration method for a compact six-port junction in SHF band is presented, in which a remarkable improvement is achieved. The main objective is to minimize the number of known standards required to increase the dynamic range of the six-port reflectometer and accuracy of the measurements. Following this, the simplicity of the method provides for automatic calibration of modern applications like wireless receivers. The comparison between theoretical results and those obtained from graphic interface and experimental results is presented to demonstrate the validity of the system developed.
The analysis of the SPR, which is based on an analytical description of the system behavior, is given in Section II. In Section III-A, six-port calibration techniques have been widely described. Finally the comparison between practical results, developed program and those obtained by commercial software is presented in Section III-B to demonstrate the validity of the system developed.
II. SYSTEM DESIGN
The six-port reflectometer provides an alternative method of implementing the ANA [7] . In common with the existing design, CST Microwave Studio is chosen due to its ability for the simulation and analysis of these items.
A. The Proposed Six-Port Circuit
The layout and prototype of six-port junction used in calibrating system is shown in Fig. 1 , experimental results have been performed by using a HP8722 network analyzer.
It was designed with RT/Duroid 6010LM having a thickness h = 0.508 mm and a relative dielectric constant εr = 3.38.
The configuration of a compact six-port junction is designed using elliptic-disc coupler with delay line us shown in Fig. 1(a) . by suitable choice of larger spacing between line delay of compact elliptic coupler [8] , a flat-coupling response is obtained for the coupled ports, Table I shows the dimension of miniaturized six-port prototype. As can be seen from Fig. 1(b) , ports 1 and 2 are connected to a local oscillator and received RF signals, respectively. The other four ports (ports 3-6) are output ports and are connected to power detectors. To reconfigure the magnitude a characteristic, the six-port junction is adapted from 3 to 6 GHz with a resonance frequency around 4.5 GHz. This figure shows that the measured transmission coefficients of the proposed six-port circuit has some ripples in measurement results compared to the simulated ones, which may be caused by the SMA feed connector. It can be noted that the return loss is better than 15 dB over the entire operating frequency band of interest.
The proposed six-port prototype has the advantages of small volume and low cost compared to published design [8] .
B. Reflectometer System with Proposed Six-Port
The system generates a signal in the digital domain representing the complex ratio between the two input signals of six-port junction above. The use of four Schottky diode detectors presents a costeffective solution and offers a good alternative for applications where speed is important, they present linear characteristics at low power levels and high power levels respectively [10] .
Four analog-to-digital converters (A ⁄D) and a digital signal processor (DSP) connected to pc analyser.
Input signal and with various phases as below: 
As illustrated in Fig. 4 , the block diagram of six-port reflectometer with power detector, the manufacturer part labels provided in the figure correspond to those components used to implement the method in this work. The out coming RF signals at the reflectometer ports 3, 4, 5 and 6 have the form: √ √
Where:
--is the phase of -is the phase of at port i relative to port 2, -, depend on the circuit characteristics.
The term is a projection of . After a trigonometric calculation, (6) becomes: (7) ; i=3,..,6
Calibration method of the six-port system is based in previous calculation; this calibrating program consists in finding a signal in the complex domain. 
III. CALIBRATING TECHNIQUE PROPOSED
Six-port calibration techniques have been widely reported in the literature [11] , [12] . All of the methodologies that begin with the relation between the power measurements and the reflection coefficient are suited only for an intrinsically narrow-band system.
To over this drawback, we study in this paper the six-port reflectometer with power detectors, a measurement port and four sidearm ports to which power detectors are connected. It measures the reflection coefficient of a device under test (DUT) in terms of magnitude and phase using four sidearm power readings and eleven system parameters composed of three real quantities and four complex quantities [13] .
Thus, the key problem in the practical use of the six-port reflectometer is how to determine the eleven frequency dependent system parameters, with fewer calibration standards and with less computational effort. For digital processing of out coming six-port reflectometer, it is essential to find a mathematical modeling of output quantities.
Below the model used to express the detected voltages to depending on the module | | and phase Φ of the reflection coefficient of the DUT [14] :
By using the real and imaginary parts of Γ, it is possible to rephrase the previous model by: (12) Where:
Calibration constant.
Index number of minimum standards.
We present below three different levels retainer model: (13) => First order for (14) => Second order for (15) => Third order for
The b ij terms representing calibration constants depending only on the terms a ij . The advantage of using such a development is to assign the same variation ranges to two quantities of interest (I ∈ [-1, 1] and Q∈ [-1, 1]) that we are trying to determine. Indeed, given the form of expressions, it appears that resolution requires the implementation of a digital resolution in two dimensions. www.ijacsa.thesai.org These equations are used to express the magnitudes of interest (I and Q) as a function of the measured voltages on each of the detectors (V 3 ,..,V 6 ) [15] . I and Q are related by the reflectometer calibration constants.
This calibration consists in solving the equations of the model by considering the known loads and measuring the tensions of these standard loads. Inputs correspond to a matrix of the measured voltages V M while the resulting matrix contains the terms I and Q. The calibration constants are grouped in two known matrices B 0 and B M .
Note that the parameters that depend on the order of the model are: The number of standard loads required for calibration {(4 loads: order 1); (6 loads: order 2); (8 loads: order 3)}. The dimension of the calibration matrix {(3×4, order 1); (5×4, order 2); (7×4, order 3)}. In order to optimize the accuracy/ computation time, we reduce the number of used standard and minimize the number of test, we will adopt the second model. i denotes the ith outputs.
(16) For a load with reflection coefficient Γ, the four equations form a linear system of five variables. The type with:
[ ]
[ ] 
A. Algorithm and Interface
The algorithm is based on the mathematical development of explicit calibration above. The inputs in this program are determined in the previous paragraph. We can summarize the different steps in the calculation by the following chart: The S parameters of six-port calibrated can be regarded as being the same at the frequency difference f 2 -f 1 if this difference is very small. Let us consider the cases where the incidents wave a and the reflected wave b are different in frequency as in the equations (3) and (4) above. The equivalent reflection coefficient becomes:
The reflection coefficient becomes a time-dependent vector whose amplitude is invariant and the phase is around at a constant angular speed
The voltage at a detector port of the six-port is a vector summation of portions of a and b presented at the port, the output voltage waveforms of the power detectors are:
Where and are waves corresponding to a and b at port i,
The four output voltage waveforms (v 1 , v 2 , v 3 and v 4 ) of a six-port reflectometer are shown in Fig. 5 :
We note that a period of the waveform corresponds to a whole circle of Γ rotating in the complex plane. We select the samples at an equal amplitude space in the whole voltage swing in this channel; these samples will present a group of equally spaced terminations on a circle in the Γ plane.
To ensure the communication of the user with the program, we have made use of a graphical interface.
The final circuit of six-port reflectometer is designed and simulated at Fig. 6 to validate results introduced in Fig. 5 . The Graphical interface based at the above program, offers us the possibility to calculate the reflection coefficient of a device under test. The DUT is connected to the input of six-port reflectometer. 
B. Validation by Measuring Test Loads
To validate calibration technique performance of miniaturized six-port junction, circuit is realized with screen printing technique; this process is used due to its ability to print a flexible substrate. AC voltage is the output of six-port junction and the input of four power detectors circuit to convert it to dc voltage; we need to connect at the output of power detectors LM324N to increase the output voltage.
LM324N is a 14pin IC consisting of four independent operational amplifiers compensated in a single package. Signal at output of op-amps implement microcontroller mikroC PRO for PIC to validate calibration technique.
The final hybrid prototype and photograph experimental setup system shown in Fig. 7 .
Results of reflection coefficients performed is comparing with the program above those found by experiment prototype. The load under test is composed of lumped elements in series (Inductance, Resistance and Capacity), by varying the amplitude of either the input signal, samples of s well distributed over the whole Smith chart can be obtained.
In order to test the validity of the six-port calibration, a calculation of relative and average errors are shown, results are presented in Table II.   Table above lists the calculation errors obtained for different samples. It can be seen that the relative error for the real parts of the reflection coefficients is about 6% except for very low reflection loads. In another hand it is noticed that the relative error for the imaginary parts of the reflection coefficients is about 4.8%.
In most case, the difference of errors between the real and imaginary parts is in order of 0.01. Note that the readings are taken from a real time continuous display of reflection coefficients. Analysis results are confirmed schematically by the calibration technique studied in Smith chart below. Fig. 8 shows a maximum of agreement between experimental results, simulation and algorithm taking samples of plane calibration in terms of reflection coefficient. It's very clear for large impedances and inductive loads (positiveimaginary part). Note that the error increases inversely with the impedance, this is due to the relative error of the load impedance.
This error is higher for the low impedances than for high impedance of the load. But errors have several origins, particularly for millimeter frequencies, the achievement of a reflectometer generates imperfections that away from the perfect model.
As well as the adaptation errors, isolation and directivity of the source and the load. It will be impossible to get such perfect 50Ω terminated transmission lines or lossless, in addition to the accuracy of the model of the output voltages. 
IV. CONCLUSION
A novel explicit calibration for six-port reflectometer incorporating new four-port correlators has been proposed and shown. A linearization procedure and an AC detection technique are used to improve the measurement accuracy. This solution makes a good compromise between the number of calibration standards, the computational cost and the accuracy.
Regarding calibration considerations, a further improvement in the technique will be used to achieve measurements in the 1-10 GHz frequency range. Therefore the proposed technique program is suitable for wireless communication system and can successfully replace the classical calibration methods.
